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TECHNICAL ABSTRACT   
The GaAs/AlGaAs quantum cascade lasers (QCLs) are important infrared light sources with various applications in 

defense and civilian fields for environmental monitoring, medical diagnostics and other gas sensing applications. Their 
application is however limited by degradation of performance characteristics induced by the strong heating of their 
active regions. The large electrical power density required for operation, and the low thermal conductivity of complex 
multilayer heterostructures contribute to high temperature gradients in the devices. Elevated temperatures cause the 
leakage of electrons from the upper laser level into delocalized continuum states and backfilling of the lower laser level; 
both effects decreasing the population inversion. These are the main limiting factors of the high temperature operation of 
the devices. To expand the potential applications of QCLs, high power levels, high wall plug efficiency and duty cycle 
are required. Therefore the in depth experimental analysis of laser characteristics combined with numerical modeling is 
essential to understand the thermal processes and power rollover mechanisms in QCLs. The devices investigated in this 
paper were designed and fabricated at the Institute of Electron Technology. The number of experimental techniques has 
been used for the thermal characterization of QCLs: thermoreflectance spectroscopy, temperature dependent Light -
 Current-Voltage (L-I-V) characteristics and spectral characteristics. The experimental results are compared with thermal 
modeling of QC lasers performed by finite element analysis (FEA). Fig.1 presents L-I-V characteristics, typical for 
investigated QC lasers. The QCLs were placed in liquid nitrogen cryostat, allowing L-I-V measurements in temperature 
range from 77K up to room temperature (300 K). Devices were driven with 200 ns pulses of 1 kHz frequency. 

 
Fig.1. Light-current-voltage characteristics for temperatures ranging from 77K to RT for QCL with mesa dimensions 15µm x 1 mm.  

The rollover observed in (L-I) curves (see Fig.1), can be explained in terms of two effects, the thermal rollover (the 
positive feedback loop between increasing laser core temperature and threshold current density) and Stark shift of the 
laser levels causing their misalignment with increasing current (Stark rollover). 



 

 

a)  b) c)  

Fig.2. Normalized emission spectra at different supply current for heat sink temperature T=80K (a), T=130K (b), T=190K (c), for 
QCL with mesa dimensions 15µm x 1 mm.  

For low temperatures of heat sink (77 K-140 K ) a voltage step in the current-voltage curve, corresponding  to a rapid 
drop in optical power, is observed. It occurs at supply current 3.4 A (current density 15kA/cm2) and voltage ~ 13V. The 
current at which a maximum available power is attained doesn’t change which is characteristic for Stark rollover. While 
increasing temperature (190K-270K), the transition from Stark rollover to thermal rollover is observed. The 
characteristic feature of thermal rollover is that the drop of peak power occurs at progressively increasing current and is 
less abrupt than in the previous case. To verify postulated mechanisms of (L-I) characteristic rollover the emission 
spectra at different supply currents and heat sink temperatures (see Fig.2) have been measured. We observe different 
spectral behavior as a function of current at low temperatures (80K ,130 K), when Stark type rollover is postulated as a 
mechanism responsible for power drop, and at the higher temperatures (190 K) when it is believed that thermal rollover 
mechanism dominates. In the first case the spectra for the current exceeding the peak power shift with current towards 
lower energies due the field induced shift of the laser levels, whereas at the second case the power drop can be entirely 
attributed to the temperature increase. In that regime the current increase results in much smaller voltage (electric field) 
change over the laser core as evidenced by high temperature (I-V) characteristics. The development of the two mode 
combs at currents below the one referring to the peak power is due to the Rabi splitting. The lasers with a narrow ridge 
tend to develop a splitting in the spectrum, approximately equal to twice the Rabi frequency. Electro-optical analysis of 
power rollover mechanisms in QCLs has been supplemented by thermoreflectance measurements providing information 
about temperature increase at QCLs mirror. Fig.3 presents high resolution maps of the temperature distribution recorded 
over 80µm x 115µm area and vertical line scans through the active core of the laser for two different supply currents. As, 
contrary to interband lasers, emitted radiation is not absorbed at the mirror surface, that temperatures represent true 
temperature inside the device. 

a)    b) c)  

Fig.3. Temperature distribution maps (scanned area 80 µm x 115 µm) measured for supply current I = 2.24 A (a) and I = 3.4A (b); 
pulse width τ=10 µs and frequency f =1 kHz. Temperature line scans for different supply currents. Inset: maximal temperature 
increase versus supply current (c). 

By combining the different experimental and numerical results, an insight into the thermal behavior of AlGaAs/GaAs 
QCLs is gained. The thermal optimization of the devices focuses on the optimization of heat dissipation, which is 
essential to increase the maximal operation temperature and further progress the applications of the QCLs. 
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